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(57) Abstract: An apparatus for testing a DNA substrate 
having multiple DNA fragments for testing arranged thereon, 
which avoids a construction needing absolute precision. In 
particular, a substrate on which multiple biomolecular spots 
composed of a mass of biomolecules of specified species 
(for example, DNAs, etc.) are formed, wherein the pattern 
or arrangement of the biomolecular spots (DNA, etc.) is 
varied in conformity with specified data so that information 
regarding the specified data is recorded. 
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t£«r#t-s a^a»ttu B2#j©Ms©Jfc8u ssfcttss*©*!^* b y bfc 

L < <t^80%s 9 0 % s 9 5 %. 9 6 %, 9 7 %. 9 8 %£fcte 9 9 % 



mm WJViy*}) Kjs r#^j N r^-y =r-^5/^y k_u rj^j *5.fct* m*fc 

^T? N n=2 N 3 N 4, 5> 6. 7. 8. 9 *3 «fct* 1 0 "CfeS ^n^frb 
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Synthesis, Pierce Chemical Co. ;Grant, G. A. (1992). Synthetic Peptides: A 
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Synthesis, Springer-Verlag; Bodanszky, M. et aL (1994). The Practice of 
Peptide Synthesis, Springer-Verlag; Fields, G. B. (1997). Phase Peptide 
Synthesis, Academic Press; Pennington, M. W. et al. (1 994). Peptide Synthesis 
Protocols, Humana Press; Fields, G. B. (1997). Solid-Phase Peptide Synthesis, 
Academic Press 0 * V % 2 K teu Applied Biosystems ft if m «t D rUflR $ 

4,415,732 -5§-,Caruthers et aL(1983);#B«Mrr3l 4,500,707 £tf Caruthers 
(1985);^IS#flF^ 4,668,777 #,Caruthers et aL(1987)fc0B?j* £fr5o 

io©»im^, ttm-vft. (frtx.^ nsm&frf'-s =» 

T**>5„ 09*. fit. E. R. Felder, Chimia 1994, 48, 512-541; Gallop J. Med. 
Chem. 1994, 37, 1233-1251; R. A. Houghten, Trends Genet. 1993, 9, 235-239; 
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5 kt, tzb?L&, 0. 7—1. OM©NaCl#S^ 6 5 °CTv^ if — 

fa >^rfTofc^ N 0. 1 ~2fg^^<DS SC(saline — sodi um c 
i t r a t e) ( l^iS© S S C W> 1 5 OmM mt^hV 

1 5mM ^xy^thy^^T^S) «r/BV\ 6 5WTt7>f^ 
— &8s*M-3 ~ i: fcftS. ^ ^ y *V if — V a Molecular Cloning 

10 2nd ed., Cvirrent Protocols in Molecular Biology, Supplement 1-38 >DNA 

Cloning l:Core Techniques, A Practical Approach, Second Edition, Oxford 
University Press(1995)^if^^#^l2^$tl,TV>S^^^Tfr5 Z.b& 

15 *mmwxnmmmi\<Dm~&(D&mte. wM^mmy-^xh^B last 

i LTIt iilt VJjv^mWLW- (frbx.^ IT^^/W (A, B, C, D. 
E N F, Gl), HIV. -r^^/^^if^-r/^. ^/W^S^-Ol^ TtV 
S^/i^. th^y^W/v^ k b^k°n— ^--iVW^ t 
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mmmmf* uttx^ n&7\?*im. msm^m^m, mmmx 

mmm. n^i> &mm, wm, &mm, mm, mmm, mm, mm. 
mm, %£&ggii& n^n^, ^ct^nta. &j»bi^ # • ram 

©SliLTtt, fc£;if^ 7;^^, ^-/v-KJ&> *^*vH»I* 

SSl^y/l/tr^ GOT, GPT N 3l)yxxf7-l 7^*y*^77^-^ 
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-1/7***1 — fLift^t — T^7- if. ^M)^A S ^ y # 

a, mm-r^ c^h-a-k mmv^, tamm. ^fmm^m, 

fy^yt7-rK, y MtJM^s M^/^— ^ v >\ b 

*»IJ!il*fc, ^^bittg^Stbfc^^/V^^. PCR, SDA. NA 

y Texas Red, r^tf-V-M ^*if©*3fe4feft% TVKfr V * 

*^7^— if> ^/^^rv^— if, ^/k=t— ^^y— if&if^HSt. 

e«> tm. «> #m jcmu. n&^&jflv^ 

<5o 

S„ *|S©Mttffl^QIAamp (QIAGENtt, hVSO 
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>-3iS 0 . 0 1-5 tf)f£fflT\ p H 5 — 1 0 <Dffiffl<DMffiWi. 1 p-eft 5 . -©ffiK 

* ^ »^>r ^ y *V if— V a ymtfeSSir^^ h 7 ^ N f-'Jrft^D N 

A. DVKMIDNA, ED T A> #ffi?£tt#Jft b#<5 0 ijlKttWLfc 

*>5 v>J*R»ft if oHMrr?R«3t«Sri*«>* - b t>T?£ 5„ KJ£iBJ£te l 0°C~ 
9 o t©ifflffe t) > ^fcRJEWWtt: 1 #fi*±*» 6> 1 Hftfeftfx 5 . '^^V^ 
f-V 3 y©S:^ Wi&8t& fflUfe#&fr5o ?5fci*fc«u tf-^g&a? o . 01 
~5<Z)$SHT% pH5~i 0©*£H©iBHIitt&fflv^££flS"^#3o 

(D^/Jn^^^v- 3 b mwm b ©fffit^ffilMl^ J: o Tffi^^BISro 
1 0 ~ 2 0 m mX% ^tt^-^fctK ^©ffi^fSr^fc^rfctJ-r^- £ 

#?- £ *5 £ K «fc ot4ftW «fc 5 ft SrSK^Hjrt- * r. £: S • 
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(0*J;Lk^ Cy D y e ™ v' P — X<£> Cy 3> Cy5^), n— ^^6Gl$^ 
N-T-fe f^rix-N2-T-fe^-7VT^y 7;^l^V (A A F) N AA I F (AAF 
©3 !7fitff^f*0 - LV\ «bte583tffi^R^©SSdS 1 0 n 

^^r N Cy3i:7;^myt©fi^W, P^5y6Gl^i7;^ 
Mo *wmWfc$$^x r^y^IDj kit* m*<D^y-7&WWl't*& J &&^ 

^©^^F-oatewa^i csifc-T?fc zw&n^ ? vm&k ?>/<?wx 
^if^- h y Tivysf?? v —xh^^a^cov^y'y v — if#L terras 
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10 

mmf—Phi^ STOCKS &*t#£o r tL b ®f- * £S'J{@ ic&mir Z^biz 
(-*»«») 



15 



20 
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5 Microfabrication, CRCl 5 Press; Rai-Choudhury, P. (1997). Handbook of 
Microlithography, MicromachimTig, & Microfabrication: Microlithography t£ E 

10 ft^£L^te£msMz.T>NAmftfe. Mz-&. Maniatis, T. et al. (1982). 

Molecular Cloning : A Laboratory Manual, Cold Spring Harbor; Ausubel, F. M. 
(1987). Current Protocols in Molecular Biology, Greene Pub. Associates and 
Wiley-Interscience; Ausubel, F. M. (1989). Short Protocols in Molecular 
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M. A. (1990). PCR Protocols: A Guide to Methods and Applications, Academic 
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Compendium of Methods from Current Protocols in Molecular Biology, Greene 

20 Pub. Associates; Ausubel, F. M. (1995). Short Protocols in Molecular Biology: A 

Compendium of Methods from Current Protocols in Molecular Biology, Greene 
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Methods from Current Protocols in Molecular Biology, Wiley, and annual 

25 updates; Sninsky, J. J. et al. (1999). PCR Applications: Protocols for Functional 
Genomics, Academic Press f£ tl^mm^flX^^O , ZtlbtS&WMmz&^-CM 



Ul$A&f&]&ffite¥<Dmmk^-D^XI-3i,fflZ.l-£. Gait, M. J. (1985). 
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Oligonucleotide Synthesis: A Practical Approach, IRL Press; Gait, M. J. (1990). 
Oligonucleotide Synthesis: A Practical Approach, IRL Press; Eckstein, F. 
(1991). Oligonucleotides and Analogues: A Practical Approac , IRL Press; 
Adams, R. L. et al. (1992). The Biochemistry of the Nucleic Acids, Chapman & 
Hall; Shabarova, Z. et al. (1994). Advanced Organic Chemistry of Nucleic 
Acids, Weinheim; Blackburn, G. M. et al. (1996). Nucleic Acids in Chemistry 
and Biology, Oxford University Press; Hermanson, G. T. Q. 996). Bioconjugate 
Techniques, AcademicPress ft £^lBife£*vC*3 <9 . kte#PJ3$B#^:ib^T 

7tM)y^77^ — mutts Fordor et al.fc <fc o xm$£ $ fbfc&ffiXh V , 
??£Rlfomm&%ftm-i-Z> (Science,25U 767 (1991) %^m<D~t) 0 

te£c&v\ ^(D^mmn. ytmm^^^xmM\-^ir^^t^x^?> 0 
ft$m%i£titz.nft<DM&<DZt. s &m<v$i&fc&<>xi[k<Dm.m&mAx%z> 0 

fc^T. -7± hv y^77^- s^^ffl^ti4#6o 
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mnm^&m^tLj hmmn, r © £ ? tmffi* iokhz nM^mn 

DNA T WiiOBfSI©*^ hfcffim.tDWm&MT'lrZ ^ b&X*% Z> 0 
y h^S&^ofc DNA T W §&3t£§g^te> < *>ttT 2 
3 0 1 of*fc£ 1 >9 5>* v bSllSrfflvrfc DNA T W <9 . 

% 5 1 OfcwV^y K(D-f ^ y h^«&ffiV^g§«^fc3o fcf£ 1 &<D 

fcDNArw^jt^a.t^^i^v^/w-T 0 ^ h^Wfe^s- feb^c^^b 

H*. 50-300 jimgll^ W^P^^yf ^f^C(t 
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<Dj?mz i ) i ± v y <D£.fc&^& i T$mK&w&-rz ig : 2) jhia-tr ^f© 

IB 1 -tr -y h <£>4l$3^(£> 5 S^5@©4M^©-7^ ^ n # ^ir/WSs Mfc 
15 ^Vw^y b (SMII0 ^Sr^tfK P I Njfe&if^f P>;Jx5 e ^U<fi, 

JZ?\s$-?-h\ mm (fflZLte, c DNA, ^i»DNA©i^DNA, mRN 
A©i5 ftRNASr^frk ^Dty* y K% « sf-frs'Jfr V h\ BW. feft=F <M 
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lO^HIfe^^V^, ifB^^Jlttx-^te. ^^ID&^tK-hfBS 
r©^©j;9^f-^ teHf-SHb $ fix mm £ frX -h J: v \, 
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gy^isifc^tBfcissvvt* -He^tim*?*-*^ i:iE£#$H L Mt£^-*& 

^#6„ T K WITTS tiNR^UT ft, ^W^*3V>-C5£a^^BBa*fc« 
t5„ MBfl^-v^tf Its r i: taot, -y 7ftttmz&=. 

0*u<r±x mxmv?-*. &&&*m^-* 
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Tjf y F\ ^- y zi^f- h\ Kn # y ^ * W"^ K> * u =* * * 

5=- Ks ^^V^K. Mft (0»J?tk£. cDNA, *f /ADNA©i5^DNA, 

m7u&, *a**^ y#^b\ it^e^bst. mffl&frf-tei?)* ^ftfc© 

^^fc^^^M-efe^s £9£?*b< tt> DNA (MZ-&. c DNAtfc 

frpvxtfy hvmmn. ^<thi^(ommmxti:^mm^^ ±w.mm 
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fc£ 0 M»a57K^^©i(t HI4 7\m^^o 134 7-?tz, 
3=$^^ 3 o 2 £ 5 ^raPS^^Pi^Ay•ev^6^ > r©5V> 

* < £ & l o<^£&^^±<£raPSf*s 3 0 3 ^£3x5 5 ^^PS^efi^V^ 

io N oo, oi> oi(D£?temmmi?bft%&^frb^mmi$tifo\ ^ 

mm^T K r t &x% 5, ^ <D J; 5 ^^PST'^v^lPifi, }Iffc# 

B'Jo^^iik:*^--^ *mmn. mfrft^yfxfrix, 1) s«;*5<t 
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KV^ft^W^ |2|4 8fc^$*t5o 048X14, I-©4^311tt 
^-©^#:^3 1 2i:«:#B'jFrtB-C«>5. »-©4#^P3 1 2 
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£<&f&i5thtzh<DX°h£<, *<D&5 bl,xt±^ tfV 

10 h\ ^~ y dt^rff- K% ^"T 0 ^- F\ *k y ^ ^ u;*-^ h\ ^- y =r^ ^ K 

(#)Rfc£, c DNA, tf J ADNA©i 5 ^DNA, mRN 

A^ct ^^RNA^-g-tf). ^y y Ks^-y^^^y h\ cm 

15 fi^>-^^«T'fc!9, it)0^L<fi, DNA (0"Rfcf> c DNA*fcf±^7 J* 

DNA) T-£>«3#So S'J<D0^UV^W^X»f4, £ffc#^-te s PCR?£h*<Dm 

20 i) s^;*3j:tj«2) ±mmfciz.mmztiti&fcft^ zmz., ±mmm 
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iwi^i-sx^ Sr&iirrSo £^^^-&v^^£< 

^oUT^^A/fe{f^(iJ^fT9-i:^-C#^o 0£b<te N ^©:*f fetes 4) 

fetes 1) JilB^^b^^^^^Ji^i-SXa; 2) #3§PJ<£3=ffc9-^ 
^v7*mm-tZ3M; 3) Jt|B^^^^JtlS^^^i/^i:^»$ 

5 V N«XIB^te^*^^> X1E£##^ y ^-hl-IB^ $ ^fc^fr^te 
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•viz, ig^r©^ b y y^xyv/^TT^W^titSo fctfm-^/^n 
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<fc 0 s &WS:;fcr*tft2W>T £ b y — Bjfg^^ 19 #5, 
1) Ji|B^fr*»b©iW*««i-SXjfi; 2) 

®;*3.i:tf5) XIBif^feXIB^ifr^tl^J^-r^xm. Sr&^i-S. 
N P ^r^Wi-S £ £ * b y >- b ^ 9 *V a 
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tt, -i£K#§» (SNP) KlS<3##5. ^f»3ftite£fc, jt^^S^M 
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sign, ±&m^jiFm&£vtzmffibtemt£ZMffix*ftfrnx-$>£< > -hfB*@ 

gte, l) 2) X|Bfe#:^^^^ B ^^^-t-'St*; 

jiia^fr©^* < 1 1 1 oottf $a ( 7 y -y ©j&Bs-c*> t) % jiiBflr#ttJtia^ra 

(D^ft^ff 5 5 o rco^M^ 7^V^^^ K7-fy\ 
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MOK7^^> CD-RK^^ DVD-R K^W^n DVD-RAMF?^ 
5 bV^»0glBfc:*5V^ :*3§9!<9^fi^fite> ±mim^r(DWMm^^^ 

i) ^jgw^fr^^-y^; 2) ^mtkfcft^ v 7\m>wmfc^%ytw&j^ 
20 m-^^mifc&MK&^x, *m\<ommm*. -biafli#«>aafeflr»sr*b 

MOK7'f^ CD-RW^ DVD-RW^ DVD-RAM K^-T 
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D l^m^W^^v^ ; 2) JifB^flK^^y^fcWfrjS^^S 

LfcJiiBit^b-hia^^^JSi-s. mim, zm?tz>o —-c% _tia^ 

* Is^nffi&mx*^ ii§:m$ttS_hlBif #{«^b$tbTVN5 0 

Ate, _h|B^y^ I D fc_kflB«AflWI^-* ^ &^*±1B£te»^*tf-:r-*S: 

©^wf^^^fis tim&m=&\z.mm-z ^t^<, tux 
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S£U LTV^ JifB^^P^aS'J-t-S - 1 &mk£irZo 
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WzWtJZZtlZ fcOt^K, #fFlt^^f5ffl^ XoX(DWmi5th% 0 

m m m 

(^wji : v-7<omm (D) 

l^H^^ttfcDNA^TK^y h2(^_h®HI-efc 1 9lill (b) te$t$rffiiaT»fc5 0 

W^P7W©i^fttilOO~2 00/im, DNAf y^i^li, 10 
~ 3 0 Aim*X?$>§ 0 

^7^-Tj;5^ (1) # N ^+m-DNA3tfc5, ^rt^t^DNA©^ 
J&2fcte. €B&i~6^> ^rt^t-DNAt^«lro(tfcgSlDNAi 

(2) DNA3Sr*ab/tDNA«flR41?*)5. (3) tt. DNA 

St 4 < ft 5 T'So fcD N A-r^f ^ n ^7 ^-fe/W 6 "Cfc 5„ (4)liDNAv 

/f^n*^/l'6Sr»»8^tfc««l 1^-To (5) tt (4) ©DNA-7 
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H3tt, tr^#y hife^J;9, 1 ±t 1 f ^fe Kf t WDN A©^*° 
yhS:BB«i-5^feSr^H-o tffWl2®±(^ gft5IBy!I©^-Y?^ 
— DNAJ&S0 2© (4) -C^Ufc^l l^Aofcti(D^ s DNA*#MKlSfcW 
^feafe^afe^kft-tv^. 04 (l) (2) (3) (4) ^-T<£ 5 K> (D 
^lllfyi 4ia!)DNA©^l U9DNAW^P*^t;V^Sl^l 
4K<ft*£^ (2) (3) T'f^l 3©WDNAW^P^W©» 
ft* 3* (4) -Ci5fc}f>-gl5 1 5^V^-C#«Jt°Vl 4SrSfe#-UT N n#|©DNA 

eJtOfcri/l 3»CW:l*a 5 »bK**t»©DNA«S»3e©IIIIHI*rffi»t^ 

U-C^>#, StKl-LKte. DNA3^S«$tfCVN< 0 DNAOft/hMBI©^ 
£ t t femtZ tms TfUDNAOWIW^ It, 2 t , 3 t N 5t ©t^OM^ 

feffco* ^ „ ^t^ft-DNA©St 1 ^©HJfrfcfcOV^afc'**. 0 7 © ( 1 ) 
(:^tJ:5^ S^i_h^f±DNA^-r^n^7^ir/v6 iiiJ^4^ft*bTV^ 
5 0 9J^4©^bfflffitt*fl60ill^J:l3<6V^«) (2) T?M^&'>L_BfS 
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t wmm4 nmm u # * # 6 fc waso ( 3 ) -e $ e> ^*&fi£_t&f 
ia 8 tc^-rj: 5 t^t^/f't — dna 3 1 tt^o ( 5) x^wm 

4<D— 1$$ifM4m%&M£T£ (6) XffifrVX, DNA^#?/h2f4^t5 0 
*:^^-e^ DNAO^^h2a, 2b, 2 c Olfitt^p-TS ^ i: M<£ t> ^ 

hma&i it^-fmmi s^m^nx^y). r-^mma^ (2) 7 s — &m 

i©DNAS»S2 0, DNAltWJf-^ 2 1 (^ffc^H^— 
15 tf* Ky ^^•X?^$^TlB^$^^TV^§fc^6XY^dr^^ — Xhm^W^OX^ 
So t£oT, XY7drtt^t?DNAX^y h^SBB^-^ SrWJtfr. £: fl^t So 

Sr^i-o k tTIi, DNAli I D l 9, DNA$#£ffc1MNi^^>tfJS& 

20 ^tDNAtfjaiMM2 0 ( ^§-ar(7?DNA(DDNA@a^J^i-DNAia^!j 

•7 s — ? 2 l^xSlfflffifapST^*— ^W^^:fa»*^^TV^5 0 flU DNAft© 

D N Aia^IJ^— * «Bf-^|iT*Bt^b $ tlXffl& & flX V ^ 0 4® A<£> D N A*f—$ 

Ri*##<D4MM«»iSSif 3/ h<Dmtmx\fe-%-fci$tLX^z> 0 z.(DTcit>, iktevffi 

25 Ig^tpDNA^s/^DNA^a^fflLT 1 ^ B£#«aSftV^<ffr£©DNA 

B5lh$tb5i:V^5^im^$>5o £ bJc-fe^a y £r_htf Sfcfciu DNAgB^Jy 5 
—^2 l*rDNA^-y^C|B»L3teV^ DNAfIty^-fcfittfe<^ 
^%if,tL5 0 fffifttDNAltlDl 9 N ^UI1DNA2 2®DNA 
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<DgtgCO#>ir(75DNA^^5/ h ®DNAifi?!l^^ntDNA 2 2 i: ORJ&RH 
(HJ£0!l 2 : yrftof&m ( 2 ) : <4 V* S?* y 

a, 9 b iifiS4 WAoftS-T'f ^o*^2 3 a, 2 3 b, 2 3 c, 

-cv^ 0 ^^-«a«isp2 8^e>3im«#3fi^«P2 9. *u-caia«i«iiaii2 7 

^ffl^^iUbn^tmfP 2 6 tfJBJNt LT^/l^^ U T-f * tz # ^-fe/V 9 

^irefcs/t^ ^^3 itt5s-r>f ?T2*7 ,j &Mzz<D&&*mn-rz>km 

«#^pj]^n $ *K 5£-^^ ^ o * ^tA' 2 3 (D tp<D?F-mi&\-ZM.Bi$&y 3 4 fc^f £ 

*tfe*P«P3 l«RGB^7-7>f/^ 3 1 g, 3 1 h, 3 1 i Srfcofc*, 

111 afcW ? v #7-tJU-7*V y ? (DWt&fiiZ * V 111 b ^ D 
NAv^P^t;KO»|3i;!)^ Ill ctt&rrJ 9 nX^ArfM 
&%*Vlsh-tZ> 0 4Wm<D&ftfrZ>m&s 2b i t©7KV^f-^^i^ 
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# 6 b V ^ 5 fc5o -< * n # T'ir/H-'fe £o It ft V ^frfr-V & W ^ o # 7* 
6> 1 6 If y h#bJl5©T'»T KV^X-^^#btb5 0 ^^P§P3 1 T?# 

r^-Ciai 5©7n-ft- bSrttWi"S. tf^fy/6 8a-?m=0, n 
= 1 tmmi^ ^y^6 8 b^PJ^r-fe/u^JSrlftffiUfeii^tt^^y^e 
8 c X*i& W^ynila (Oti^f^JVfvL ^#-*§-m£r 1 oJg-**t\ T.'ryZf 
6 8 d^mj&sftlfc©*-^^*^ U 8 fWny^S©^ 

x^y-fG 8 m— il^s 9 L^#V^ry^6 8 nt'L^^ 

•fe/UcSt UT3lffl«*= 1 *ri£!3 > B&fcfi-§-= 1 SrSISO-C l o^-fe/^&B&fe 

8maSNO©^^5'^6 8 p £512^ £SPi[«fc t) L ^ftV^^te* 
1 1 2^T KV^oj/^*^y^ 1 1 3<D~vC # nX^-teAsa) 
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So £©»^r±>ClfeT?fcV^#WrU DNAW^ P*^t;KDT K^Sr lo 
5 i«9JlI$*« (^7^/6 8 k) D ^LT, X'Ty'fZ 8 bMM6„ rpLTDNA 



^1T% 01 l&JBwC-f b<D^ffl<D^KSSr^5o (1) (2) T? 

4<7>3fe*Has^n#B©DNASr#tf^^ n#:/i?/^9 a ^^-t"5„ 
10 (2) t?aiffl*fP2 6jC«E^aP$ftSi (3) U W^n^ 

•fc/V9 a ttaSWSft, (4)t*IiKl±(i#ft5„- «W9R:Wy^^^* y b(S 
»SitR) t nm*t3:£sS;T?*>«o 2 6 ©ft*? 0 t^xyf^ffli^ 

b^^WUT^I^C^^bft^o I^B#l-> n + lf|©DNA^tfV 
15 >f ^ n # ^-fe^ 9 b #3te«8«H!:8Kg U ( 5 ) TfilifctimjEEaSRtfjn & ft5 £ £ft 1 

IrJ— S&W$ftSo (6)-en + 2#@<DW^i3^^ , ir/V9 c ^SHfP^bftS 
^ N 3fclfc*qgB3 1 a, 3 1 h\z\imM^-?*^3-iM$iL>tc.^'(?v*7 

t/V2 3c, 23d, 23e©H23d, 2 3e^f5 0 r.ftkttSiB*i 

20 ^ ^ LTtlffl$Jl5©T^©^yt;w©t©W^a^/-fe^9 dtf*n+ 3#g 

^<DVNA-t>mmiSfoZ>~k&®5±~e%%> 0 mm-^— ?\£2>r, 3^, 4^rO 

^•fe/H^ <fc 19 . DNAff i: D NA^eo ©tfSJEflfcUl— 9: L;M£1iT^tf} £ft3 c 
25 tU 01 5^r^6 8 p<D£5iZ, #f©#^0DNA«$tlX^V^ 

+ If |©DNA^JKy MiDNA^^y h 3 a, 3 b, 3 c t/Tt<t 5 l-It 
7^jfc£ft30T% Wfcott)P»\ (7) 3d, 2 3 e 
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mm i \atm\m u*v\ 8&&nis&i- ± «i ttMgfttoW&ttM-rz ^t* 

UT^So ff^fAlt 010© (3) <DW8&Wl#v -y^\z.m<5^XWl 
fN~«. 3rf (1) ©«t 5fcDNA*^*fe^r±3K8iltt* s <KV^«)^ (4) O^ffi 
ft#^P^bT^W$tbSo Hi*/t;Hi20©»?|i3 la, 3 1 b#iilo 
*i:tONlz:45ifc^b (2) ^ti5^tti^5. 3£ffife#f± (4) K 

^csa*. (2) (DmMn&cDifcvmmmmzmn^x (5) «>8fe*m#*m^i- 

^#S©DNAT?fc5^#^t5fc*> (1 DU:*tJ:5trKv^Otf 

f^^DNA^^y bOf^Pit UTSfcfcA/WS. (ig^-^^1 2 tfy b 

©S^(io) (^tiM-oo, 01, 10, 0 0, Olt^Hl (4) ^ 
0 0©i^l43^nj/^^- *IWIB4:U 0 1, 10, 11* 
tt#*4t, 5t, 6tW, WHS30HSrfr5o ^fclOt^PS© 

s«>3&t?r. «o ^©DNA^#y bor K^^wo-e, Bete 

^LfcDNAt^i1fli2 0^b^-^©t^DNA^^S/ b©DNA 
©#f^t>^5, r 5 U*^t*^T©DNA^^S/ b 2 ©DNAfW 
JTC^ 5„ HI 6 1 fcfla«*^"CV>5DNA##(©S3?!Hll«2 1 Sr/BV^ £ 

iia5^"C©DNA^#j' b<Z>@B^t#tf$fc>3>5 0 7K^Wfc*DNA 
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0 3 o r*. m 9 ©^icgijy x/u net wmm^ mt nmmm&u 1 1 

*J#& (1) ~ (6) (DMKUW-tZk, (1), (2), (3) T'DNA*7't;k 

9 a^bH (4) -ei£ffi£*L5 0 (5) ^iu^»#s§pi 1 5frbw\mm&*m. 

i^b^So ^O^OTJ^&TV X/l^ifSr^ ©T*DNA^©I^^|f 
(lf-X^<D0iJ) 

i^^lf-X^^igffibfcM^^So HI 4 9 (a) fi^gP^E#^ 

44<Dtf— X^#ODNAlf— X3 2 0t% jlH^f^P>--/DNAt> b< tt^-Y 
/ft-DNA^i^$tlfcDNAl 3 2 1 — 049 (b) 

? fcf— X3 2 2tfe5. 

HI5 0 (a) mn+l#l©Xg»^In + l#l©DNAlf«-X^ 
^f^n+lfB© lf-X#^^^*J^ai2lT' t^-X 3 2 0 <Z>>tlffl»fmei 

lSi0^t^ft-DNA?rioDNAtf-X3 2 0b £#^<E>#;£: 
^JRi-S^^—Xtf— X3 2 3 a, 323b, 323c, DNAt-X3 20b 
a, 7^^X3 2 3 (1, 3 2 3 e, 3 2 3 f Offifctftfcffi 2 5 J: «9 iHW $ 
*L5„ ^3 2 5W^X^^X3 2 3 ^jiigi-S^^b^^CD^^ 

i^ 5 o (b) 0^77 i m*-*- £ o &$&&mkm j &&%M&nto 3 1 

*-3§£1-£o ^(Dfcibx^— x tr — X 3 2 3 j&S3tetfe*n*P 3 1 OH&^Tjiii bfc«[ 
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I±^li7!>^-1 1 1 a-Ctf^hSftSo £fcDNAt*-X3 2 0 tt36*» 
M&^te^ZLkfrb, HI 5 0 (b) ©^^*5V^Tt=t4, t = t8»i 
igLftV^^£>DNAtf-X3 2 0#^LTV^:i£3W^M?5o 
tf\ |j|2#>7^* 111 b D DN Atf — X3 2 0©II«^,?y f^i 

3 2 7l^n+ lf|ODNAlf-X3 2 0 bb^lfl, ^^t*-X3 2 3 

A*rt>oDNAlf-X3 2 0 a 3* 1 ^InSlCDNA^X^|&t5 tf-X 
3 5 aia!)ro^7^f 3 2 7fci££>*l/-CV^ 0 :itf>fc£>#9XW 3 

2 7 ©fe^f'ftDNAt^X 3 2 0 a ^HE^l#^Ei"5. 

^©f n+l#iWXtm^in + lf l©DNAt^X3 2 0b b^tfc 
& $ iftfcf^ # n + 2 # B ©XSJ-fcV ^Tf n+2f|©NDA bT— XSrflfe 
*&^-S»n+2#BO^-X«#&«3 3 5 bta!)In+2#|©^f -Y- 
DN ASftiODNAtf — X3 2 0 ^glJO^$P^«t t> if7^f 3 2 7©>f>l^6) 
t*»»)5g*rwi:l2:J:t)«c^SBi©DNAtf-X3 2 0^-^ 
tf— X£ fct>fc;tf7X<ff3 2 7 0tt>^b^S 0 

1 (a) t^ti5^9^f 3 2 7t*n#l©DNAl?-X 

3 2 0 a, fn+ l#l©^t7°f t^DNA!r'boDNAt^X3 2 0b s # 
n+2#|©^t7"ff-DNAlrt)ODNAlf-X3 2 0 c^Hfo^7^ 
f 3 2 7©*fclH»* £<E?IJ$*U ^ODNAIf- X3 2 0 0^^fi^-<-^ tf 
-X3 2 3^gBg£tL5 0 ftJ*W^*mKR©DNAtr-X*Siail$*LS. ifcfc 

If-X^^tlSiaS, r©^f7^f 3 2 7 t o^Jt 

fcJhtf 5„ t o tt^-^— X fcf-X3 2 3 ©|f|sj.©«Wf 1 0^C£ <9 ffiV^ 

M^T'&Sfctf), ^^^X3 2 3(i|5 1 (b) ^ti5I^WtT 
^3 2 8^|t3H:«EWU ^f3 2 70^fi#«U<W, ^(Dtc&, 
HI 5 1 (c) 0«fc5l-DNAfc?— X3 2 0 z, 320a, 320b, 320c, 
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3 20(1, 320e, 3 2 0 f ^afitRUTEitSttSo T K V*tfc« 

SrW3gi-S^«)«#je»tSSr!RlRi-5^^ tf-X3 2 2 a, 3 2 2 b &&&<D 
mmT?W&l£tl?>o - 5 t-Ctf-XI©DNA7W 3 2 9 g| 5 2 

ttjESftUfc»^ODNA7 W 3 2 9O^©0^ TKV^fil^ 
iOv^t^3 2 2a ( 3 2 2b^2^i!3fcoTtA/W5 0 tfcfcDNA 
If— X3 2 O^i O-HffiBfeLTifclK U©^t^X3 2 2 c, ^LTl*- 
tf)322d^!), #C<D^-^ If— Xf* 3 2 2 e , 3 2 2 f t 2 2 ^r3fc 

^1*-*—? \£—X(DT KWSr "11" t£it5i7K^^^t^Xi 
D4*3re#S. £©fc«>DNAlf— Xtf^VM^Wu <t!)EltTF^«$ 
aOftttffl**il>fc<fcS. t(t5a^©^t' f ^3 22 g ) 3 2 2h^f) 
ft«fc^y^3 2 8tf5fc9, DNAlf-X3 2 0 ^fl^ttl 5**rB&lt1-3„ 

ilL»+M m~#:S"/i nKDf/K^SDNAS^JIrtolf-X* 1 1 

NAlf — ^<omm^.Wk(0^-<— * if — X«r£i?fcB£<Z> tf-X^-^S: 1 

5 8****) 5„ 5£ffil$fc 1 2 * <D*^-* lf-X<D^ffim^|g^5 ^ D 
NAtf-X<75^1fa$nTV^fci?)DNAlf— Xf±l ^ LiW£&*L>fcV\, ^ 
-^DNAlf-X<DSff$P^i:^SP^&5^^-^^-XSr 1*2 % L 

N A tf-X%5£fct}-T?# § £ V n 5 5 o 

JD5 3 SMSWTlti&ODNAtf— X& loOW ^P^^t/HmAUM 
i"5»a»*»M-r*o Infi©^yft-DNAmW^D*/t/1^9 
«fc 0 /J^(^D N A If — X 3 2 0 a ^fltiAo fc^-T * n * ^•fe/U 9 a £ , $ n 
+ l#|©^t7°f-t- DNA«r£i?DNAlf— X3 2 Ob«fiAoM 
^ n^^ir/l^ b £<£>Ffl!fc:-^— * If — X3 2 2 a, 3 2 2 b, 3 2 2clrA^T 
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13 5 0fc£r©3M5fe-C#7*W3 2 7^0 5 3 (b) <D X 0 {cEffltt*. 

# ^-fe^ 9 <D&Bl 3 2 9 * UTM 3 2 9 mm *HfP«*L 

1111,815 3 (c) ©i5K^M3 2 2 a, 3 2 2 b, 3 2 2 c (Dl^Kl 
««C©DNAtr-X3 2 0 a, 3 20 ba*Rft£*t5o If-XtfS/h&tefcV^afc 
^^^5i:^B^*ix.?>^^S^^±-r^i:VN5^i^fe^o 05 3 (d) 
9t^^-X3 2 2 g, 3 2 2 h©.fc 5 2 *Xf±3 ^aifflfflaili"* w 

05 4 (a) mZ7tt~&fc&¥'£'- ^7^f 3 2 7^btW»«r»*ffl't^' 

m 1 ©Mil, £tRl©tt*>»3^ 05 1 (c) -^05 2^054 (a) 
.fcS&Xf^*^ 3 2 7«rK«i-So &fc£4R#tt*B5 7fcl.fc>K ^^IrJ^^7 
^f3 2 7^t^W^ ft£rtf-XK:f$ttU Kf*3fc. 3Sifi3fe. &3W*r 

3=-f N i^-if^©3teaa4o«t»)Jix*$^*^9xW3 2 7©^©t^ 

^-TSo ^7^f3 2 7^UT3fe^4 0O£**W-E£&M£3 4 3 3W«l*&*t 
TV>S 0 DNAlf-X^d5lIX^$^#^^ DNA^X3 2 0tt^H 
»|Ufc*fiR««3 4 3t?Rat*nWtfDNA^-X3 2 0«&9 
t)V^X4 2 N KltSP4lSriiiiU «WJ«P4 3^J:«3DNAlf-X©Sia^ 

* Tf-XTfttft^JfcSftSfcfc* Wlf So ^Ofc^ltt 3 4 3 ^^©SW 
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-r5S*tf&#t>>h£ < fc*. :5 l-c^x^ 327 *wmmn 57ia^ 

^|r]-^©$^:50^#V\ ^tU§|54 3 Kf*^-* tf-X3 2 2©B^HOSC 

W3 2 7^t^Att5^5 2©J;5^ ^-*i*-X©*#^feVN*i 
mmvW.&te'?-? tf-Xtf* 2 Lfc, v^t^X3 22 a, 3 2 2b£ 

4 (a) tc^i"J;5^3W©^-^Tf-X3 3 3Sr "l" 
*U 3fe&«Jfc^S^-** , -*3 3 4& K 0" "0 10 

10 11 " /i57-^^S4^5. ^©f-^W7^f 3 2 

HI 4 3 ^^-TJ: 5 fc^tfeSES'X^ A 114 ©«aE«fP 17 5 <D*PK. 0 1 4©t 

*gp^^tts 0 mmm 7 6 ^^^^-^^ m 7 7^iifti«^b-c^f7 

7f3 2 7©WJf^imS^fA17 8^5 0 1 8 4im 

~<7)y s -?%mm$&l 7 7 ^Lti^^f^ 1 7 4«^rA 18 7 
KiS&ftSo lWa!)f»%tbfcDNAlf^3 2 0©4*WD 
N Affiflia* « ©"C^ tfe#£> DNA^RN * W * K St^SH" 5 - 

iff—? (DM&Thttm 

135 4 (a) (b) |iv-^lf^X3 2 2©E5H»i<>tDNA7W 3 2 

DNA tfn— ~f) (DWM'^—^&^vmb&^^ttfe*^* l^ 54 
( a ) tC^i-«fc 5 CDNA7W 3 2 9 <D tf— X<£®c#-l5l9 Hi£&$l§> t> U< ttll- 
T**©«»K:««IB«Wft3 3 oa$Brt6W5. roster* 5 
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tf — X 3 2 2 a, 322b, 322c, 322d, 3 2 2 e J^&fcSBMfr*'*- * 
3 3U5-!r©v>-^If-X3 22 f ) 322g, 322h, 322i, 322 
j d^3&S»T^-^ 3 3 2©ra©«pSO«e^bTS*i4«r%-oSW^-^ 
If— X3 3 3 £ W5&<Z>ifeSfc*t LT^#l4£r^H1>»^— * tf— X3 3 4Hi 
9W«^«Sl*n5. 05 4 (a) 0«^tt#je©^> «tl»ftb6 00n 
m^LT^ttSr1>o^— ^lf-X3 3 3 a& "0" i^lU ^^-^ * 
-X3 3 4 a& "1" i£it5i, "0 101011001101001101 
0 10 10" 4524b i t©7-^m®^©3fc^V^i^^-^ 5 

^05 4 (a) T*f±> tfg©^RftS-ei^5i^ > -^^3 3 3 

3 3 3 a WSM^WW^SflF* "° 0" ^^-^tf-X3 3 3 bl4 

Rtfc***f?lU B$c&&m-tK.#>, #^,t? "10" &^-t£>^5„ 
X3 2 2 cttRttftfeSU B**«#*fc**ATf "0 1" £fPj<9fcT5 0 
^-^lf-X3 2 2 df±RifeftfcB«*fcaSSf5fc«> "11" £T5„ 

Uogfb bfc e-x&ia^Jl-s^ife) 

HI 5 5 ttDNAlf-X3 2 0 t V*^3 3 8»fiS 

t 2 ©!2v'x;W3 3 9 © 2la-f ^ y^UDNA^-X3 2 0 *1V^0 
5 5 (a) <D& 5\Z.#7*m 3 2 7^5DNAffi^DNAlf'- X3 2 0& 
IS&TVKo r r.-T?lH5 5 (b) ©J;5teSB&t&t o©&lffi#3 4 0i:i&ae 
t Sr t !> t 2 fc* t ^^^12^3 4 li:Jfttt*t 2 >t 1 *5t 2 ^± 
W/t»3««3 4 2.<D£o\zM^xmM4m*-^>rtZ>o -FZkMlffl&S 4 1 
tefeVvCttJ^S^^S 3 9&mM LTDNAtf-X3 2 0 d©i5N^<^ 
So Wuf2f^3 4 2m*5V^TW:DNAtr-X3 2 Oc©|1^3 3 8^ 
i^U DNAtf-X3 2 0b©i5^<ft5. 

El 5 5 <7? (c) ©<fc 51-S'^'W^DNAlf— X3 2 0 zW7^f3 2 7 
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£9T K^^^^I D^^-~^^a^t?^«t: 0 ^ (PIN) *fe. V 

Aofcf^l3 2^b, #^©DNA, RNA, ^ ^^^#^^5^^ — 
^131 £^Vl4£tf>?« £ £ l-ftAtSo 1 *fol^ 5^13 1a, 
131b, 131c, 13 1d*«rftAtfcf*^13 0a, 130b, 13 
0 c, 13 1c, 130d^£rg|3 3 (b) ^"t" «k 5 ^ x^(r]o* 97K¥;fr 
ftKlJfcfeTV'- M 3 3 Srffrfr*-*. £ ilOJfcfertiV- M 3 3 a , 13 

3b%mtezzbiz.£.*>m3 3 (c) i^tiM^^i3o^h^^ 

-^^-^1 3 4SriB«-r^o ft*5> I2(D«1^p^©^1 3 53= 
3 (c) •Cf^lLhl 0 X 1 0©-^ hV ^*£r^UCV^5tfS> SBRrilSZtfMfcW 
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U mffifcl 3 9±^@3S$^5o ®7£fol 3 9 ^y^SrH^S*:*©* 
5 3 a Kites IgfIffl©f-y^I D^fy^JSttf t -^^W©7 i - ^ffife 



10 (^-^©ffi&j&^iSfc) 

15 © ( 3 ) ^tjH" J: 5 fc> ^ft^H 1 *** M41e~141p 10*-, 

14 2b^ff2^, »ft-7^^s/M42 C) 142d, 1 4 2 e ffiflr 

20 

25 035© (3) ^4^ _ e*bfcj;9^^l-P^lS^CTJ-e#5 0 -v— ?x#y 
M 4 2©ii^^5^©^»^'Ks' M 4 1 tf>3bfc£>ifcft£ 

TOb-C#e>tb5SM^: 1 bb<tem^3ilSfM3 5 (4) ©J:5fc:fc5o (3) 
<z>-v— ^tK-, M 4 2©»l:lot**:L^ fgsB'h?— * 14 3 £BFtfc» tBSU 
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1 4 3 e , 1 4 3 f &&*W%.& 2bit©"10", "11" ^(Dfttt 

ij^T5o 035 (2) nmn-^-f 1 4 3 e , 1 4 3 f &<£t?£.ftmxmi\ 

-r— ^©rao^^f-^^y M 4 1 SPSr^BS-bT^f-o r®0H:tt7o© 
H^IJ-^— ^ 1 4 3 a~l 4 3 g^$^t-C*5«9. 0 0, 10, 11, 0 1, 
10, 11, 0 Ofl^fcHU M 4 2*UotA/«t»J 
-^-^ 143a, 143g *mM^—? 14 4 a , 1 4 4 b £ UTffiV^ HO 
i-r-^ 1 4 4©^Wi5o«J-7-^ 1 4 3^fc5fc^ 10, 11, 0 1, 
10, ll<510b i t®7^^I^t?-^ S ^5 0 

fc<fc9 N i©W^10b i t©7- ^^-EtfbSo r©10b i t^Jt 
fir KW^-^fflv^^ r(D^^Sfclt-e^^lR^TKi/^^ «i 
011011011" X*$>2>^ktfftfrZ><DX\ *B'K—* 1 4 3 c(D^#!3# 
BflD&fl^**** M 4 1 xtt> "1 0 1 1 0 1 1 0 1 1" ©2 3# 

45 te" 101101011-23" -efc5ri:«T't5„ ^KDiM-UT 
|g! 4 0 (DM/ferr — ^ 1 4 6 <D$><D, r©»Jf^l 4 5 fc^i-^ffc^ 

MirzmVkmmK 040 oJH4^-^ l 4 6 iz^tiZ* 
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4 l^«#^!E^#^i-^-^^^ Si:V ^^ J ^ feS< ' Wfl^ 13 * 
a®**Rg«i-5i:> SESXg©^**-!-^^^^*^ b 1 4 1 xtftt* 

p i N^^y^jtxm^^^^ufc^^^y^i 3 s commit % 
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in 1 4 u—f^^mM^M i> u < c c Dgg^-m y> ^j^om^mm^ 
m%-$~z>o **ry-fi 4 8 cunf-v?! 3 8 mn K^xh&T-y? i 

D^b<}*/a>o|2l3 3©@3fe|£l 3 9Jt©@3etRID14 0Sr3fctT— A*/tr4 
f5 0 ^jzir.ttb^ I Dj&STOBMESftfc I D y * MzufeS^Sr^-* 

7-1 D^JCi-SJW*^— ^1 4 6 (04 O#$0 fc-fl'*— h-^LAN 
^<Z>*y M7— * 1 5 0tr^LTA^U ^Sif 1 4 9©^*!)-l 5 UJl— 

4 8 e-Cm^r— oii^U ^f^HSft, ^ lt&g:* 1 <DWhW£& ! ?' 
y^©*B5K:BiatU w-f H'CCDSrjaEU^bHl 4©$?-6 5, 6 

TX#yh%mm-tZ> 0 ^TS'^14 8g-eMt5**t^ m#B©£ 
^^^5, hSr^i~5 i:> 4 8 h-eiij^ J ^#^^^^H"^o 

y hi4 2^iai©3fc<D^^^S3fc#6«j#^ s i9:^^^v^s 0 z.<Dfz#>, m 

35© (2) £ 5 KI&jBftfc b < te#«T-ft^ift^#B'JT-£ 3 D 

^ ^^y^ v |s i 4 M 4 1 i:ft3te*afe*©«*«r*i" 

^tUf^o Xr^l48jtn = 0i:U 7r^l4 8kfnS:lo^^ 
y^^h-TSi:. nSI©»K^14 3©^^mo ^^H8 

^14 8 p-C-f- tnE*rfTV\ SR*5©*:v^— ^^JSr^fy^l 
4 8 qT#5 0 ^14 8 rT^#re&5£#^**V b fc*t>5£V^'J 

* l 4 3^6>o^aKy bm&^i^M-Siu 03 5© (2) 
ffi^~?frbjt^k1r%gL{£ftlrXtfiy hi 4 1 («14 1x) 
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^bmf 1 4 5 r<DB3\ ^yt<Dm. 

^Ty^fl 4 8 t-C1t ^^ey — 1 5 1 frh^y?* I DtcStJSUfclRttf 1 — ^ 
;H 46^MU 04 O l^t i 5 ©iglJStWDNA^OlB^f- 

! 4 7 ^$H-5o ^T!//l 4 8 v X'fe&lfc&m LTV^£##^ 
^t>?BoTV^V^£5ifSU tfaoTV^ry^l 4 8 efc 

x ^*5V^T^^^— * 14 7 (Dy 2 —^ ^fttix^n ^7^155 N * 

X5^1 4 8 y-C^*fb^S^mt>b< (^©f^^ttJ^U-C^^Ti- 
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£*iz>mmaz, 034© (a ') ^i-i5^#^s^*N-ssit^, «rir*, 

JB$t^, SbfcJfcif^Jte^fC** (a) ©SSfcl 3 5 i:f*Sft5^-^$U 5 3 
4, 1 3 6SrffiV^t>-e— ^©l8ftr*<ST*t-S*^ 0 3 6T'^t5-7-^4* 

r^!:J:!3 4fls^#S' M41a~141 i ^SSHSl 5 3*r£trv— 

* y M 5 4 4\ 038 ^tjM" «fc 5 1 ±WW"« - 1 

4 is? v?^ y htt<DM-erns Bllt/T Ut|^JW# 7±/l^ 2 3d, 2 3 e <D 

AU 039© (4) (5) (6) (7) \Z7tt£5\z.£mi±\zz<o#7'te/i'&Wr 
*§*5J:5fc-mtix 03 8 M 4 l 

—?±<fcfr*x?$?' m 5 4 (DW&wtnnm s 6 ^^-e&5 0 035© 
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---ci3 skurabu©?**- ^afea^ifeSrJfe^s. 03 5© (2) (3) r± 
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